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Background: Optometry students are taught the process of subjective refraction 
through lectures and laboratory based practicals before progressing to supervised 
clinical practice. Simulated learning environments (SLEs) are an emerging technology 
that are used in a range of health disciplines, however, there is limited evidence 
regarding the effectiveness of clinical simulators as an educational tool. 
Methods: Forty optometry students (20 fourth year and 20 fifth year) were assessed 
twice by a qualified optometrist (two examinations separated by 4-8 weeks) while 
completing a monocular non-cycloplegic subjective refraction on the same patient with 
an unknown refractive error simulated using contact lenses. Half of the students were 
granted access to an online SLE, The Brien Holden Vision Institute (BHVI®) Virtual 
Refractor, and the remaining students formed a control group. The primary outcome 
measures at each visit were; accuracy of the clinical refraction compared to a qualified 
optometrist and relative to the Optometry Council of Australia and New Zealand 
(OCANZ) subjective refraction examination criteria. Secondary measures of interest 
included descriptors of student SLE engagement, student self-reported confidence 
levels and correlations between performance in the simulated and real world clinical 
environment. 
Results: Eighty percent of students in the intervention group interacted with the SLE 
(for an average of 100 minutes); however, there was no correlation between measures 
of student engagement with the BHVI® Virtual Refractor and speed or accuracy of 
clinical subjective refractions. Fifth year students were typically more confident and 
refracted more accurately and quickly than fourth year students. A year group by 
experimental group interaction (p = 0.03) was observed for accuracy of the spherical 
component of refraction, and post hoc analysis revealed that less experienced students 
exhibited greater gains in clinical accuracy following exposure to the SLE intervention. 
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Conclusions: Short-term exposure to a SLE can positively influence clinical subjective 
refraction outcomes for less experienced optometry students and may be of benefit in 
increasing the skills of novice refractionists to levels appropriate for commencing 
supervised clinical interactions.  
Keywords: Simulated learning environments, optometric education, subjective 
refraction, online learning, e-learning 
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Introduction 
The assessment of refractive status is a core element of a routine optometric 
examination.1 Subjective refraction, a technique which relies upon patient feedback, is 
not only essential in the determination of the optimum spectacle and contact lens 
correction, but an accurate refraction may also be a useful tool in the detection of 
systemic disease or ocular pathology. For example, fluctuations in refractive error may 
be indicative of diabetes,2 a myopic shift may occur with cataract development,3 an 
increase in astigmatism may arise due to lenticular changes,3 a progressive corneal 
ectasia4,5 or an advancing pterygium,6 while a hyperopic shift could be a result of 
retinal,7 choroidal8 or retrobulbar pathology.9 
 
Traditionally, the optometric curriculum related to subjective refraction involves didactic 
lectures that provide students with foundation knowledge of ophthalmic optics to 
determine the appropriate refractive correction using both objective and subjective 
clinical techniques. This is reinforced through practical or laboratory based sessions 
which include demonstration (students observing a qualified optometrist) and practising 
technical skills on colleagues, before progressing to performing refractions on real 
patients under supervision. Since this teaching approach is particularly labour and cost 
intensive, requiring a significant input by volunteer patients and qualified supervising 
optometrists, alternative educational approaches such as simulated learning 
environments (SLEs) are of particular interest to optometric educators. The feasibility of 
integrating SLEs into any optometric curriculum should consider not only the benefits of 
potential learning outcomes but the cost of program implementation compared to 
alternative delivery methods, budgetary constraints and willingness to pay.10 
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The health disciplines of medicine,11 nursing12 and dentistry13 utilise SLEs such as 
computer software or programmed mannequins to create a realistic clinical 
environment and the opportunity for students to refine clinical techniques without the 
need for volunteer patients. In the field of optometry and ophthalmology, a number of 
simulation activities have been developed with an aim to improve student clinical skills, 
or for use in student assessment (e.g. objective structured clinical examinations14). 
Previous authors have described a variety of simulation approaches including 
computerised modules or web-based applications,15 role play,16 standardised patients 
(i.e. patient actors)17 and case-based18,19 or problem-oriented learning20,21 all designed 
to promote decision making, simulate specific clinical scenarios and encourage 
independent learning. More recently, a number simulation tools have been developed 
as teaching aids (and assessment tools) for direct22-24 and indirect (stereoscopic) 
ophthalmoscopy.25 However, the effectiveness of such programs or SLEs in optometric 
education has not been rigorously, or quantitatively evaluated (with the exception of 
Sheen et al.25). 
 
A new web-based learning environment that simulates a clinical subjective refraction 
assessment using a phoropter, was recently introduced as an educational tool to assist 
in the teaching of subjective refraction techniques. The BHVI® Virtual Refractor (Brien 
Holden Vision Institute, Sydney, Australia), an online clinical simulator, allows users to 
perform a subjective refraction using a virtual phoropter (on a computer) on a random 
or pre-determined virtual patient (of varying age; presbyopic or non-presbyopic and 
refractive error type; simple myopia and hyperopia, myopic and hyperopic astigmatism, 
compound myopic and hyperopic astigmatism or mixed astigmatism), and provides 
feedback on clinical performance with respect to duration (speed) and accuracy of the 
refraction. While such an SLE may be of use in the education of undergraduate 
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optometry students during pre-clinical tuition or as an adjunct to supervised clinical 
training, to the best of our knowledge, no previous studies have examined how 
optometry students interact with the BHVI® Virtual Refractor, or how exposure to a 
virtual environment translates to real world clinical performance. Therefore, the primary 
objective of this study was to systematically investigate the influence of short-term (1-2 
months) exposure to a simulated clinical learning environment (the BHVI® Virtual 
Refractor) on optometry student clinical subjective refraction outcomes (duration and 
accuracy) using a real patient. A secondary aim was to examine how students 
interacted with an SLE.  
7 
 
 
Methods 
This study was conducted in accordance with the tenets of the Declaration of Helsinki 
and was approved by the Queensland University of Technology (QUT) Human 
Research Ethics Committee. Participants were students currently enrolled in the QUT 
Master of Optometry degree commencing either the fourth or fifth year of study relating 
to optometry. Fourth year students had completed a Bachelor of Vision Science which 
includes training in optics, ophthalmic optics and methods of vision assessment such 
as subjective refraction (primarily using a trial frame), but had not yet commenced 
supervised clinical practice. Fifth year students had completed the same 
undergraduate vision science degree as the fourth year students and an additional year 
of supervised clinical training. Participation was voluntary and written informed consent 
was obtained from each student prior to study commencement, with the option to 
withdraw at any time without penalty. All study visits were conducted during the 
university summer semester (a vacation period without scheduled optometry lectures, 
tutorials or clinical sessions) in order to minimise the potential confounding influence of 
the regular QUT optometry curriculum on learning outcomes associated with the BHVI® 
Virtual Refractor. 
 
Baseline visit 
Student self-reported confidence relating to subjective refraction was assessed by 
questionnaire. Students responded to a series of six questions by placing a vertical line 
on a visual analogue scale (an unmarked 100 mm horizontal line) to rate their current 
level of confidence when performing subjective refraction: (a) using a trial frame only, 
(b) using a phoropter only, (c) on a paediatric patient, (d) on a presbyopic patient, (e) 
on a patient with keratoconus, and (f) on a patient with low vision. The questions were 
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phrased as “How confident do you feel when performing a refraction using a trial frame 
only/using a phoropter only/on a paediatric patient…?” The upper extreme of the scale 
(100) represented “extremely confident” and the lower extreme (0) represented “not 
confident at all”. 
 
Students were then required to perform a non-cycloplegic monocular subjective 
refraction on a non-presbyopic patient with an unknown refractive error (induced with 
soft disposable contact lenses and varied in both sign and magnitude between 
participants and visits) using a Topcon VisionTester VT-10 phoropter in conjunction 
with an Opto SmartChart LCD Visual Acuity System viewed by the patient at a 6 m test 
distance. The phoropter was set to plano and an entrance acuity was measured as a 
starting point to simulate a refraction without knowledge of retinoscopy results or prior 
refractive correction. Students had access to a range of targets including; Snellen 
letters, duochrome targets, fan and block/dial and non-directional circular targets and 
were advised that they could use subjective refraction procedures of their choice in 
order to determine the final optimal refractive correction (i.e. maximum plus for best 
visual acuity, with visual acuity recorded in logMAR pushing to threshold). Participants 
were aware that they were being assessed for both speed and accuracy, but no time 
limit was enforced. The refraction result obtained by each student was compared to the 
result obtained by an experienced optometrist (ECW) immediately following the student 
refraction. Each student was also rated for clarity of instructions to the patient and 
confidence in clinical performance by the same optometrist using a visual analogue 
scale. 
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Half of the students (10 fourth year students and 10 fifth year students) were assigned 
to the “intervention group” who were granted access to the BHVI® Virtual Refractor 
online software based on a predetermined randomisation prior to their enrolment in the 
study. The other twenty students acted as a control group, and were not granted 
access to the online simulated learning environment. The students enrolled in the 
intervention group were provided with a manual of instructions on how to use the 
BHVI® Virtual Refractor and instructed to use the software as much or as little as they 
desired over the following 4-8 weeks. 
 
Follow up visit 
Four to eight weeks following the baseline assessment, students returned for a follow-
up assessment. Participants were required to complete the same questionnaire 
regarding refraction self-confidence provided at the baseline visit and to also perform a 
monocular non-cycloplegic subjective refraction, which was assessed as per the 
baseline visit. The same patient, phoropter and consultation room was used for each 
visit for all participants. All students completed a subjective refraction for both a 
simulated hyperopic and myopic refractive error (with varying magnitudes of 
astigmatism) during the study. Half of the students completed the hyperopic refraction 
at the baseline visit and the myopic refraction at the follow-up visit. 
 
The assessing optometrist was masked as to the allocation of students to the 
intervention and control groups. Students were also required to report if they 
participated in any clinical activities undertaken during the study period which involved 
completing a subjective refraction (e.g. summer clinical outreach activities under 
supervision) and participants in the intervention group also completed a short exit 
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questionnaire regarding the simulated learning environment. Output data were also 
obtained from the BHVI® Virtual Refractor database for each participant’s online 
interaction including the number of refractions completed, and the duration and 
accuracy of each virtual refraction. 
 
The accuracy of student refractions were calculated using two methods: the absolute 
difference in the spherical, cylindrical and axis components of refraction compared to 
the refraction determined by the assessing optometrist; and whether the student 
refraction results passed the Optometry Council of Australia and New Zealand 
(OCANZ) assessment criteria for subjective refraction (i.e. spherical power within ±0.25 
D; cylinder power within ±0.25 D; axis within ±10° for cylinder powers up to 1.25 D and 
within ±5° for powers over 1.25 D) relative to the refraction determined by the 
optometrist. The magnitude of the difference in cylinder axis between the student and 
optometrist refraction was calculated using the formula: Axis difference = 180 – (the 
absolute difference between student and optometrist axis), to eliminate potential errors 
associated with axes of astigmatism close to the horizontal meridian (e.g. a student 
refraction with axis 175 degrees and optometrist refraction with axis 5 degrees would 
be considered a 10 degree difference, not a 170 degree difference). 
 
Statistical Analysis 
All statistical analyses were conducted using SPSS 21.0 (IBM). Normality was 
assessed using the Kolmogorov–Smirnov test, and did not vary significantly from a 
normal distribution (p > 0.05). A repeated measures analysis of variance (ANOVA) was 
used to examine the change in the student’s reported self-confidence in performing 
subjective refraction, the examiner rating of the student’s clinical confidence and clarity 
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of instructions, accuracy (sphere, cylinder and axis) and duration (speed) of the 
refraction, with one within-subject factor of visit (first or final), and two between-subject 
factors of experimental group (control or intervention group) and student year group 
(fourth or fifth year). All possible two-way interactions (visit x experimental group, visit x 
year group, experimental group x year group) and three-way interactions (visit x 
experimental group x year group) were examined and Bonferroni adjusted post-hoc 
comparisons were carried out for individual pairwise comparisons. 
 
Generalised estimating equations were used to examine the percentage of student 
refractions that passed the OCANZ subjective refraction examination criteria for 
sphere, cylinder, axis and all three components of refraction considered together (i.e. a 
multivariate regression for binary outcome measures). Student year group (fourth or 
fifth), experimental group (control or intervention group) and study visit (baseline and 
follow-up) were included as factors in the model and a Wald Chi-Square analysis was 
used to determine the statistical significance of each factor with appropriate post-hoc 
pairwise comparisons. Pearson’s correlation analysis was also used to quantify the 
association between the number of virtual refractions performed in the simulated 
learning environment and the magnitude of change in student self-confidence levels, 
refraction speed and refraction accuracy. For all analyses, p-values less than 0.05 
were considered statistically significant. 
 
Results 
Student engagement with the simulated learning environment 
Of the twenty students allocated to the intervention group, 16 (80%) accessed the 
software and performed at least one virtual subjective refraction (including both right 
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and left eyes) during the study period (mean 20 ± 18 refractions performed per 
participant). Participants who did not interact with the virtual environment (3 fifth year 
students and 1 fourth year student) were excluded from further analyses. Sixty-nine 
percent of the virtual patients selected by students for practice were “random” 
refractions and 31% were pre-determined (i.e. the student selected a presbyopic or 
non-presbyopic patient and the refractive error type of either; simple myopia, simple 
hyperopia, simple myopic astigmatism, simple hyperopic astigmatism, compound 
myopic astigmatism, compound hyperopic astigmatism or mixed astigmatism). During 
the study period the students completed 316 monocular refractions in total using the 
BHVI® Virtual Refractor. 
 
After the exclusion of data relating to 14 incomplete virtual refractions (2 refractions 
which lasted less than one minute, with no questions asked of the virtual patient, and 
12 incomplete refractions of more than 24 hours duration), on average, students who 
accessed the software completed 10 ± 9 virtual patient interactions (range 1-33), or 20 
± 18 virtual monocular subjective refractions (range 2-66, which followed a normal 
distribution). There was no significant difference in the number of virtual refractions 
performed between the two year groups (p = 0.35). The average time taken to refract 
both eyes was 10.2 ± 4.7 minutes (i.e. 10 minutes 12 seconds). The duration of each 
virtual refraction increased significantly with increasing magnitude of astigmatism (r = 
0.48, p < 0.001), but was not associated with the magnitude of spherical refractive error 
(r = 0.01, p = 0.90). Based on the time taken to complete each refraction, the total 
mean time each student interacted with the simulated learning environment throughout 
the study was 100 ± 91 minutes (range 8-332 minutes). 
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The number of questions asked of the virtual patient (i.e. the number of presentations 
that required a virtual patient response during refraction including spherical and cross-
cylinder lens changes) ranged from 15 to 136 with an average of 56 ± 23 questions for 
the two eyes. The accuracy of the virtual refraction (the difference between the 
simulated virtual refractive error and the subjective refraction result determined by the 
student) was calculated in both relative and absolute terms (for each eye) for sphere: 
0.04 ± 0.98 D and 0.31 ± 0.92 D, cylinder: -0.02 ± 0.33 D and 0.10 ± 0.32 D and axis: 4 
± 12 and 4 ± 12 degrees. Ninety percent of all virtual refractions passed the OCANZ 
spherical power accuracy requirement, 93% passed the cylinder requirement, 93% 
passed the axis requirement and 83% of all virtual refractions passed all three 
spherical, cylinder and axis requirements. 
 
The mean duration between the baseline and follow-up visit for all students was 43 ± 
15 days (range 27-69 days). The duration between visits was significantly greater for 
the experimental group (50 ± 14 days) compared to the control group (36 ± 12 days) (p 
< 0.01) due a delay in some participants returning for the final study visit, however, 
there was no statistically significant difference in the proportion of students who 
engaged in clinical placement activities throughout the study (vacation) period; control 
group 10% and experimental group 30% (p = 0.24). There was no correlation between 
the number of virtual refractions performed during the study period and the student 
baseline level of self-reported confidence for refraction using a phoropter (r = -0.02, p = 
0.93). 
 
Student self-reported confidence 
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Student self-reported confidence varied significantly with patient and refraction type 
only (p < 0.001). Considering both year groups together, students reported lower self-
confidence (on a 0-100 point scale) performing a refraction on a paediatric patient (29 ± 
19), a patient with keratoconus (24 ± 17), or a patient with low vision (27 ± 19) 
compared to a refraction using a trial frame (61 ± 17), phoropter (61 ± 19), or on a 
presbyopic patient (53 ± 19) (all comparisons between paediatric, keratoconus and low 
vision to trial frame, phoropter and presbyopia, p < 0.001). Additionally, repeated 
measures ANOVA revealed that fifth year optometry students reported significantly 
higher levels of self-confidence than fourth year optometry students with respect to 
refraction involving; a phoropter (p = 0.005), a presbyopic patient (p = 0.001), a patient 
with keratoconus (p = 0.006), or a patient with low vision (p < 0.001) (Table 1). There 
was no main effect of experimental group upon self-reported confidence, and no 
between visit changes, or visit by group interactions were observed (all p > 0.05) which 
suggests that in the short-term, student self-confidence did not vary significantly 
between the two study visits or depend upon which experimental group they were 
enrolled in. 
 
Techniques employed during subjective refraction 
During the clinical subjective refraction, students had the option of using a range of 
refractive techniques in addition to spherical lens bracketing. At the baseline clinical 
assessment, 6% of students used the duochrome target to finalise the best sphere, 
39% used the fan dial to estimate the axis of astigmatism, all students used the cross-
cylinder to refine the cylindrical power and axis and 92% employed a blurring technique 
(blur back or the +1.00 D blur test) to finalise the spherical component ensuring 
maximum plus for best visual acuity. There was no significant difference in the 
15 
 
 
refraction procedures employed by fourth or fifth year students except for the use of the 
dial chart to estimate the axis of astigmatism (63% of fourth year students used the dial 
chart compared to 12% of fifth year students, p = 0.002). There was no significant 
change in the refractive techniques employed by students between the two study visits 
(p > 0.05), or between the two experimental groups (p > 0.05). 
 
There were no statistically significant differences in the magnitude of imposed spherical 
or astigmatic defocus between the experimental and control groups or the fourth and 
fifth year groups at either the baseline or follow up visit (all p > 0.05). Similarly, there 
was no significant difference in the magnitude of imposed spherical or astigmatic 
defocus between the two study visits or for the study/year groups (all p > 0.05). 
Therefore, although the magnitude of the astigmatic refractive error does appear to 
influence the duration of the refraction (both the virtual and clinical refraction), we did 
not include this as a covariate in our analyses since the magnitude of imposed 
spherical and astigmatic defocus was well balanced between all groups examined. 
 
Student clinical refraction performance and outcomes 
Table 2 displays the student clinical refractive outcomes including; accuracy of sphere, 
cylinder and axis at both the baseline and follow-up visit for all students, stratified by 
year and experimental group. The percentage of each student group which passed the 
OCANZ examination criteria is also presented. Significant between year group (fourth v 
fifth year) differences were observed for; monocular subjective refraction duration (fifth 
year students 2.55 ± 0.51 minutes faster, p < 0.001), examiner rated student 
confidence (fifth year students 17 ± 7 points more confident, p = 0.02) and examiner 
rated clarity of student instructions (fifth year students 13 ± 6 points greater clarity, p = 
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0.04). There were no statistically significant between experimental group interactions or 
student year by experimental group interactions (all p-values > 0.05). 
 
The duration of refraction decreased significantly (2.07 ± 0.43 minutes faster, p < 
0.001) (Figure 1) and examiner rated student confidence increased significantly (an 8 ± 
4 point increase in confidence, p = 0.04) at the follow-up visit. However, there were no 
significant visit by experimental group interactions (all p > 0.05), which suggests that 
these changes occurred irrespective of whether the student was assigned to use the 
BHVI® Virtual Refractor software or not. A visit by year group interaction was observed 
for visual acuity (p = 0.02), with the fourth year cohort showing a slight improvement in 
the final visual acuity measure between visits (visit 1: -0.05 ± 0.05 logMAR, visit 2: -
0.09 ± 0.06 logMAR), while the fifth year group showed a slight decrease (visit 1: -0.08 
± 0.06 logMAR, visit 2: -0.06 ± 0.05 logMAR). That is, the improvement in the speed of 
refraction at the follow up visit resulted in a small loss of acuity for fifth year students, 
but not for the fourth year student clinical refractions. However, this magnitude of 
difference would not be considered clinically significant and falls within the test-retest 
reliability for observers with normal visual acuity. 
 
A significant visit by year group by experimental group interaction was also observed 
for accuracy of the spherical component of refraction (p = 0.03). The fourth year cohort 
of the intervention group showed a significantly greater increase in spherical 
component accuracy (a 0.78 ± 1.41 D improvement in accuracy), compared to the fifth 
year experimental group (a 0.14 ± 0.56 D loss), and the fourth year control group (a 
0.10 ± 0.82 D loss), but no significant difference compared to the fifth year control 
group (a 0.40 ± 0.86 D improvement) (Figure 2). 
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Similar trends were observed with respect to the percentage of student refractions that 
passed the OCANZ subjective refraction assessment criteria. No significant change 
was observed in the distribution of refractions that met the OCANZ criteria between 
study visits (p > 0.05 for cylinder, axis and all components considered together); 
however, there was a significant increase in the number of overall student refractions 
that passed the spherical component criteria at the follow-up visit (p = 0.02), due 
primarily to the significant increase in the accuracy of the fourth year cohort within the 
intervention group (baseline visit 56% passed, follow-up visit 89% passed). A year 
group effect (considering both baseline and follow-up visits together) was also 
observed with a greater proportion of fifth year students meeting the OCANZ criteria 
compared to fourth year students based on the spherical component (p < 0.001), axis 
(p = 0.02) and all refractive components (p = 0.03) (Table 2). A significant experimental 
group effect was also observed for the spherical component of refraction (p = 0.001), 
however this appeared to be a consequence of the highly accurate refractive outcomes 
of the fifth year students enrolled in the intervention group at the baseline visit, rather 
than an increase in performance following use of the virtual refraction software during 
the study period (i.e. there were no visit by group or visit by year group by study group 
interactions). 
 
BHVI® Virtual Refractor use and student clinical performance 
Within the intervention group (n = 16), no significant associations were observed 
between the use of the BHVI® Virtual Refractor software (the number of monocular 
refractions performed or the total time spent completing refractions in the SLE) and the 
change in the accuracy of refraction outcomes between visits (accuracy of sphere, 
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cylindrical and axis and refraction duration) or examiner rated confidence or clarity (all 
p > 0.05). A weak correlation was observed between the number of virtual refractions 
performed and the change in accuracy of the astigmatic axis (r = 0.37) and examiner 
rated student confidence (r = 0.33), but these did not reach statistical significance (p = 
0.16 and p = 0.21, respectively). 
 
 
Discussion 
To our knowledge, this is the first study to systematically investigate student interaction 
with a virtual, online optometric learning environment and the effect of the short-term 
use of a simulator upon clinical outcomes in a cohort of optometry students. Over a 
decade ago, during the infancy of the internet, 73% of undergraduate optometry 
students at an Australian university rated web-based learning resources as “very 
useful” compared to 88% for lecture notes, 77% for clinical/laboratory sessions and 
74% for lecture handouts.15 However, there have been no further reports of the uptake 
or efficacy of online learning or simulation activities in optometry schools throughout 
Australia in recent years. 
 
Of the students assigned to the intervention group in our study, 80% engaged with the 
simulated learning environment at least once during the study period (range 1-33 
patient interactions) with the mean time spent in the SLE of 100 ± 91 minutes per 
student. These students also completed a brief exit survey upon completion of the 
study and all (100%) participants (of the intervention group) agreed that the BHVI® 
Virtual Refractor would be beneficial in the training of undergraduate optometry 
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students and 85% suggested that the year group that would benefit most from access 
to such a simulated learning environment would be third year students in the Bachelor 
of Vision Science (i.e. students commencing the didactic component of the curriculum 
relating to refraction and undertaking pre-clinical laboratory based training). We did not 
observe any significant correlations between student engagement with the BHVI® 
Virtual Refractor (number of refractions performed or time spent using the software) 
and gains in measures of clinical performance (refraction duration and accuracy). This 
lack of correlation might be due to our sample size. However, the majority of the 
intervention group reported a self-perceived increase in both their clinical refraction 
skills (75% of students) and confidence (65% of students). Further research into the 
characteristics of simulation activities that enhance user engagement is required, since 
not all students utilised the virtual environment during the study period and increased 
time immersed in simulation tasks should theoretically benefit learning outcomes (in 
this case, clinical subjective refraction) through either repetition or improved 
understanding of a specific technique.26  
 
Virtual refractions completed in the SLE were slightly more accurate (with respect to 
the OCANZ criteria) compared to student clinical refractions; 83% passing for virtual 
refractions compared to 72% of clinical refractions at baseline and 78% at the follow-up 
visit. The duration of each refraction was also greater in the virtual environment (mean 
10.2 minutes) compared to clinical refractions (8.4 minutes at baseline and 6.2 minutes 
at the follow-up visit) (Figure 1). Both of these findings are most likely a result of the 
BHVI® Virtual Refractor software. The slower refractions may be due to the time taken 
to manipulate the virtual phoropter using the mouse and/or keyboard, while the 
increased accuracy is most likely due to the lack of ambiguous patient answers in the 
simulated environment; while the virtual patient can easily detect a difference between 
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two lens presentations, in a clinical scenario, patients often require a number of 
presentations of two different views as the refraction approaches its endpoint (i.e. the 
patient reaches their discrimination threshold). 
 
A number of significant differences were observed between the fourth and fifth year 
optometry students in this study. Fifth years students reported greater levels of self-
confidence performing refraction on a range of patient types (paediatric, keratoconic or 
low vision) compared to fourth year students, and also performed significantly faster 
(~2 minutes faster on average) and more accurate refractions. These findings were 
expected due to the greater level of clinical experience of the fifth year students. 
 
Overall, the clinical refraction outcomes for all students considered together were 
reasonably accurate. Previous studies have estimated the inter-refractionist (qualified 
optometrists or optometry students) agreement for non-cylcoplegic subjective refraction 
with the standard deviation of the mean difference between different refractionists 
ranging from ±0.28 D for the spherical equivalent and ±0.08 D for astigmatic power 
vectors J0 (astigmatism along 90/180 meridians) and J45 (oblique astigmatism) 
between forty qualified optometrists,27 compared with ±0.87 D (sphere) and ±0.59 D 
(cylinder) between twelve first year optometry students.28 The standard deviation of the 
mean difference between our student participants and a qualified optometrist were 
similar to these earlier findings; ±0.83 D and ±0.41 D for spherical and cylindrical 
components respectively at baseline, which reduced to ±0.45 D and ±0.25 D at the final 
assessment, when considering both year groups together. 
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A significant decrease in the duration of subjective refraction was observed for both 
year groups and both experimental groups between study visits (Figure 1) which 
suggests that the SLE did not have a significant impact upon the speed of refraction, 
and that the observed decrease in refraction time may simply be related to an increase 
in familiarity with the phoropter following the baseline visit (a learning effect). However, 
a significant visit by year group by experimental group interaction was observed for 
spherical component accuracy. This finding suggests that students with less clinical 
experience (fourth year students) in the intervention group showed a greater gain in 
clinical accuracy following access to the simulated learning environment compared to 
the fourth year control group and the fifth year experimental group. This result is 
somewhat expected and future studies examining the effect of the BHVI® Virtual 
Refractor upon the clinical skills of less experienced optometry students is warranted. 
Since fourth year students demonstrated similar refraction outcomes to final year 
students by the final study visit (for accuracy, but not duration), SLEs may help to 
advance the clinical skills of novice students to levels appropriate for commencing 
patient interactions. Some caution must be exercised when interpreting this result since 
the visit x year x experimental group interaction could be related to the very high level 
of clinical accuracy of the fifth year intervention group at the baseline visit (0.18 ± 0.19 
D spherical accuracy with 100% passing the OCANZ sphere criteria) and the 
somewhat lower performance at baseline from the fourth year intervention group (1.00 
± 1.32 D spherical accuracy with only 56% passing the OCANZ sphere criteria). That 
is, the effect observed may be an artefact of the randomisation or the student 
performance at the baseline visit alone. 
 
In order to isolate the effect of the simulated learning environment upon student 
performance, we specifically conducted this project (the baseline refraction 
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assessment, period of software use and the final refraction assessment) during the 
university summer vacation period, using an examiner masked to which students had 
access to the BHVI® Virtual Refractor software. This minimised the potential influence 
of the regular didactic optometry curriculum and supervised clinical practice upon 
student performance, however, we acknowledge that students may have consulted 
textbooks or other learning materials concerning subjective refraction. Some students 
did participate in supervised clinical placements during the study period; however, this 
was reasonably well-matched between the intervention and control groups. While the 
overall number of student participants was relatively low and a convenience sample, 
this cohort represents almost 50% of the students enrolled in the QUT Master of 
Optometry program. Despite these advantages, this pilot study has a number of 
limitations which should be addressed in future research examining the utility of SLEs 
and the translation of online learning to clinical performance. 
 
Although our student participants were randomly allocated to the intervention and 
control groups, our study most likely suffers from self-selection bias to a certain extent. 
Students were aware that participation in the study would require undertaking two 
clinical examinations, and therefore our sample may be over-represented by more 
confident or competent student refractionists. However, a wide range of student self-
reported confidence levels were reported at the baseline visit for refractions performed 
using a phoropter (mean 62 ± 22, range 7-98), which approximated a normal 
distribution, suggesting a reasonable spread of student capabilities. While there was no 
significant difference in the proportion of students in the control and intervention group 
who undertook clinical outreach activities during the study period, this may simply be a 
limitation of our sample size. Future studies should employ a larger sample of 
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optometry students given the relatively small gains observed in the measures of 
(absolute) accuracy of refraction and the spread (standard deviation) of the data. 
 
Our participants were also drawn from a cohort of students who all had some level of 
experience performing a subjective refraction using either a trial frame or phoropter. 
Students enrolled to use the simulated learning environment had limited access to the 
BHVI® Virtual Refractor for a relatively short period of time (mean 50 days, range 29-
69). Therefore, we cannot comment on the potential clinical gains from the use of a 
simulated learning environment over a longer period of time, or if used by students less 
experienced in performing subjective refraction techniques. While we chose to evaluate 
the short-term effect of a simulated learning environment during a vacation period, 
student outcomes may differ significantly if the BHVI® Virtual Refractor is used as an 
adjunct to tutorials, lectures, practicals and supervised clinical practice in a blended 
learning model as intended, rather than in isolation. Some simulation activities have 
been shown to improve student preparedness prior to attending didactic lectures.29 
Consequently, the BHVI® Virtual Refractor may also be a useful device to encourage 
meaningful student engagement prior to undertaking practical clinical training or even 
as an assessment tool to track student progress online. However, in any blended 
learning environment incorporating online tasks, students who are not advancing may 
also need to be provided with direct instruction (face-to-face) to identify or clarify any 
content or technical issues and allow progression.30 
 
Variations in student clinical refraction outcomes may also have differed if a subjective 
refraction was performed on both eyes of a patient. Spherical balancing techniques 
employed in clinical practice to ensure an equal accommodation demand between the 
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fellow eyes were not considered in this pilot study since only monocular refractions 
were assessed clinically and the version of the simulation software used at the time of 
the study did not have the capability to perform binocular assessments. 
 
Subjective refraction is a core component of primary care optometry and this short-term 
pilot study does show promise for the use of a SLE upon student clinical performance 
of refraction, particularly for less experienced optometry students (spherical component 
accuracy). A longer-term study conducted over a number of years, or university 
semesters, involving somewhat naïve students unfamiliar with subjective refraction 
techniques, or prior to undertaking clinical training, in conjunction with the traditional 
optometry curriculum, would be of benefit to optometric educators to further explore the 
benefits of simulated learning environments.  
 
Acknowledgements 
We thank the Vision Link program (a joint initiative of Essilor and the Brien Holden 
Vision Institute) for providing access to the BHVI® Virtual Refractor. The BHVI® Virtual 
Refractor was originally developed in prototype form by Professor Jack Alexander 
  
25 
 
 
References 
1. Kiely, P.M. & J. Slater, Optometry Australia Entry-level Competency Standards 
for Optometry 2014. Clin Exp Optom, 2015. 98: 65-89. 
2. Skarbez, K., Y. Priestley, M. Hoepf & S.B. Koevary, Comprehensive Review of 
the Effects of Diabetes on Ocular Health. Expert Rev Ophthalmol, 2010. 5: 557-
577. 
3. Pesudovs, K. & D.B. Elliott, Refractive error changes in cortical, nuclear, and 
posterior subcapsular cataracts. Br J Ophthalmol, 2003. 87: 964-7. 
4. Davidson, A.E., S. Hayes, A.J. Hardcastle & S.J. Tuft, The pathogenesis of 
keratoconus. Eye (Lond), 2014. 28: 189-95. 
5. Jinabhai, A., H. Radhakrishnan & C. O'Donnell, Pellucid corneal marginal 
degeneration: A review. Cont Lens Anterior Eye, 2011. 34: 56-63. 
6. Lindsay, R.G. & L. Sullivan, Pterygium-induced corneal astigmatism. Clin Exp 
Optom, 2001. 84: 200-203. 
7. Wang, M., I.C. Munch, P.W. Hasler, C. Prunte & M. Larsen, Central serous 
chorioretinopathy. Acta Ophthalmol, 2008. 86: 126-45. 
8. Kalina, R.E. & R.P. Mills, Acquired hyperopia with choroidal folds. 
Ophthalmology, 1980. 87: 44-50. 
9. Weir, R.E., S. Evans, S.D. Hajdu & M.J. Potts, The convex retina: optical 
coherence tomography in hypermetropic shift, without choroidal folds, from 
intraconal cavernous haemangioma. Orbit, 2009. 28: 398-400. 
10. Isaranuwatchai, W., R. Brydges, H. Carnahan, D. Backstein, A. Dubrowski. 
Comparing the cost-effectiveness of simulation modalities: a case study of 
peripheral intravenous catheterization training. Adv in Health Sci Educ, 2014. 
19: 219–32. 
26 
 
 
11. Okuda, Y., E.O. Bryson, S. DeMaria, Jr., et al., The utility of simulation in 
medical education: what is the evidence? Mt Sinai J Med, 2009. 76: 330-43. 
12. McCallum, J., The debate in favour of using simulation education in pre-
registration adult nursing. Nurse Educ Today, 2007. 27: 825-31. 
13. Suvinen, T.I., L.B. Messer & E. Franco, Clinical simulation in teaching 
preclinical dentistry. Eur J Dent Educ, 1998. 2: 25-32. 
14. Harden, R.M. & F.A. Gleeson, Assessment of clinical competence using an 
objective structured clinical examination (OSCE). Med Educ, 1979. 13: 41-54. 
15. Herse, P. & A. Lee, Optometry and WebCT: a student survey of the value of 
web-based learning environments in optometric education. Clin Exp Optom, 
2005. 88: 46-52. 
16. Levine, N.R., Improving student understanding and management of patients 
through role-playing and video taping. Am J Optom Physiol Opt, 1976. 53: 95-9. 
17. Anderson, H.A., J. Young, D. Marrelli, R. Black, K. Lambreghts & M.D. Twa, 
Training students with patient actors improves communication: a pilot study. 
Optom Vis Sci, 2014. 91: 121-8. 
18. Spafford, M.M., L. Lingard, C.F. Schryer & P.K. Hrynchak, Tensions in the field: 
teaching standards of practice in optometry case presentations. Optom Vis Sci, 
2004. 81: 800-6. 
19. Bullock, A., E. Barnes, B. Ryan & N. Sheen, Case-based discussion supporting 
learning and practice in optometry. Ophthalmic Physiol Opt, 2014. 34: 614-21. 
20. Barresi, B.J. & N.N. Nyman, Implementation of the problem-oriented system in 
an optometric teaching clinic. Am J Optom Physiol Opt, 1978. 55: 765-70. 
21. Scheiman, M. & S. Whittaker, Problem-based learning: Use of the portable 
patient problem pack (P4). J Optom Educ, 1991. 16: 49-56. 
22. Hoeg, T.B., B.P. Sheth, D.S. Bragg & J.D. Kivlin, Evaluation of a tool to teach 
medical students direct ophthalmoscopy. WMJ, 2009. 108: 24-6. 
27 
 
 
23. Chung, K.D. & R.C. Watzke, A simple device for teaching direct 
ophthalmoscopy to primary care practitioners. Am J Ophthalmol, 2004. 138: 
501-2. 
24. Bradley, P., A simple eye model to objectively assess ophthalmoscopic skills of 
medical students. Med Educ, 1999. 33: 592-5. 
25. Sheen, N.J., J.E. Morgan, J.L. Poulsen & R.V. North, Digital stereoscopic 
analysis of the optic disc: evaluation of a teaching program. Ophthalmology, 
2004. 111: 1873-9. 
26. Sanchez, A., J.A. Cannon-Bowers & C. Bowers, Establishing a science of game 
based learning, in Serious game design and development: Technologies for 
training and learning, J.A. Cannon-Bowers and C. Bowers, Editors. 2010, IGI 
Global: USA. p. 290-304. 
27. MacKenzie, G.E., Reproducibility of sphero-cylindrical prescriptions. Ophthalmic 
Physiol Opt, 2008. 28: 143-50. 
28. French, C.N. & J.A.M. Jennings, Errors in subjective refraction - an exploratory 
study. Ophthal Optn, 1974. 14: 797-806. 
29. Amaral, K.E. & J.D. Shank, Enhancing student learning and retention with 
blended learning class guides. Educause Quarterly, 2010. 33. 
30. Reeves, T.C. & P.M. Reeves, Designing online and blended learning, in 
University teahcing in focus, L. Hunt and D. Chalmers, Editors. 2012, ACER 
Press: Victoria, Australia. 
  
28 
 
 
Table 1: Student self-reported confidence levels for each year group at each study visit 
(0 denotes “not confident at all” and 100 denotes “extremely confident”). P-value 
denotes the result of the repeated measures ANOVA for the between year group 
comparisons. 
 
 Fourth year Fifth year 
p-value 
(year) Refraction or 
patient type 
Baseline Follow-up Baseline Follow-up 
Trial frame 68 ± 14 60 ± 14 58 ± 19 57 ± 20 0.22 
Phoropter 50 ± 18 56 ± 17 73 ± 19 66 ± 15 0.005 
Paediatric 25 ± 20 26 ± 19 30 ± 16 36 ± 19 0.20 
Presbyopic 47 ± 15 41 ± 20 67 ± 15 59 ± 17 0.001 
Keratoconus 17 ± 14 17 ± 12 32 ± 18 31 ± 17 0.006 
Low Vision 16 ± 13 17 ± 12 35 ± 19 40 ± 19 <0.001 
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Table 2. Accuracy of student subjective refraction for sphere, cylinder and axis (mean absolute difference ± standard deviation, D) compared to 
a qualified optometrist and the percentage of refractions that passed the OCANZ assessment criteria (%). 
  Baseline assessment Follow-up assessment 
Component Group All students Fourth Year Fifth Year All students Fourth Year Fifth Year 
Sphere 
All 0.53 ± 0.83 (78) 
0.66 ± 0.97 
(68) 
0.40 ± 0.63 
(88) 
0.28 ± 0.45 
(83) 
0.34 ± 0.48 
(79) 
0.22 ± 0.42 
(88) 
Control 0.45 ± 0.59 (80) 
0.35 ± 0.34 
(80) 
0.55 ± 0.78 
(80) 
0.30 ± 0.48 
(80) 
0.45 ± 0.57 
(70) 
0.15 ± 0.32 
(90) 
Intervention 0.64 ± 1.06 (75) 
1.00 ± 1.32 
(56) 
0.18 ± 0.19 
(100) 
0.27 ± 0.43 
(88) 
0.22 ± 0.34 
(89) 
0.32 ± 0.55 
(86) 
Cylinder 
All 0.31 ± 0.41 (89) 
0.34 ± 0.51 
(84) 
0.26 ± 0.29 
(94) 
0.22 ± 0.25 
(94) 
0.20 ± 0.28 
(95) 
0.25 ± 0.22 
(94) 
Control 0.34 ± 0.42 (85) 
0.38 ± 0.49 
(80) 
0.30 ± 0.37 
(90) 
0.23 ± 0.20 
(95) 
0.15 ± 0.13 
(100) 
0.30 ± 0.23 
(90) 
Intervention 0.27 ± 0.41 (94) 
0.31 ± 0.56 
(89) 
0.21 ± 0.09 
(100) 
0.22 ± 0.31 
(94) 
0.25 ± 0.40 
(89) 
0.18 ± 0.19 
(100) 
Axis 
All 12 ± 22 (89) 
19 ± 29 
(79) 
5 ± 5 
(100) 
10 ± 16 
(92) 
9 ± 8 
(89) 
11 ± 23 
(94) 
Control 13 ± 26 (90) 
23 ± 36 
(80) 
5 ± 5 
(100) 
12 ± 21 
(90) 
7 ± 9 
(90) 
16 ± 29 
(90) 
Intervention 11 ± 17 (88) 
16 ± 22 
(78) 
5 ± 6 
(100) 
7 ± 8 
(94) 
10 ± 9 
(89) 
3 ± 4 
(89) 
All components 
(Sphere, Cylinder, Axis) 
All (72) (63) (82) (78) (68) (88) 
Control (70) (70) (70) (75) (60) (90) 
Intervention (75) (56) (100) (81) (78) (86) 
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Figure 1: Mean duration of monocular non-cycloplegic subjective refractions performed 
by fourth and fifth year optometry students at two separate visits (baseline and follow-
up visits). Significant differences were observed between fourth and fifth year students 
and baseline and follow-up visits (both p < 0.001), however, similar gains in speed 
were observed between the control and interventional groups. Error bars represent the 
standard error of the mean. 
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Figure 2: Mean accuracy of spherical component (difference between student and 
optometrist non-cycloplegic subjective refraction) for fourth and fifth year optometry 
students at two separate visits (baseline and follow-up visits). A significant year (fourth 
or fifth) by experimental group (control or interventional) interaction was observed (p = 
0.03), where the fourth year interventional group showed greater gains in clinical 
accuracy compared to the fourth year control group and the fifth year experimental 
group. Error bars represent the standard error of the mean. Dashed line represents the 
OCANZ criteria for spherical component of refraction. 
 
